INTRODUCTION
Tilia is a genus of about 30 species of trees native throughout most of the temperate Northern Hemisphere, in Asia (where the greatest species diversity is found), Europe and eastern North America; they are not native to western North America. Tilia species are large deciduous trees, reaching typically 20 to 40 m tall, with obliquecordate leaves 6 to 20 cm (2 to 8 in) across, and are found throughout the north temperate regions. The exact number of species is subject to considerable uncertainty, as many or most of the species will hybridise readily, both in the wild and in cultivation (Yaltirik and Efe, 2000; Anonymous, 2011) .
It spreads over 5425 ha, which consists only 0.03% of the total forest area in Turkey (Anonymous, 2001) . The timber of Tilia trees is soft, easily worked, and has very little grain, and a density of 560 (kg/m 3 ) kg per cubic metre. It is a popular wood for model building and intricate carving. Ease of working and good acoustic properties also make it popular for electric guitar and bass bodies and wind instruments such as recorders. In the past, it was typically used (along with Agathis) for less-expensive models. However, due to its better resonance at mid and high frequency, and its better sustainability than alder, it is now more commonly used with the "superstrat" type of guitar. It can also be used for the neck because of its excellent material integrity when bent and ability to produce consistent tone without any dead spots according to Parker Guitars. In the percussion industry, Tilia is sometimes used as a material for drum shells, both to enhance their sound and their aesthetics. It is also the wood of choice for the window-blinds and shutters industries. Real wood blinds are often made from this lightweight but strong and stable wood which is well suited to natural and stained finishes (Yaltırık and Efe, 2000; Anonymous, 2011) .
In Turkey, Silver Lime is found primarily in the west and northwest Anatolia as small groups in angiosperm mixed forests (Yaltırık and Efe, 2000) .
Literature review has shown that there is not any detailed and original previous research reporting important wood properties (that is, physical and mechanical properties) of this species. A strong relationship is well known with wood properties and the quality of wood. Thus, these properties are classically used to select wood for the particular applications (Haygreen and Bowyer, 1996) . Silver Lime (Tilia argentea Desf.) is not widely used because its properties and potential uses are not well known. Besides it has limited natural stands in Turkey. There are many lesser-known wood species, sometimes with similar properties to those well-known species, which are less exploited and used because of a lack of knowledge regarding their properties. Thus, further research to determine their properties and possible end uses is likely to be beneficial to the forest industry. "Silver Lime (Tilia argentea Desf.) shows potential to occupy a more important position in forestry in the future, especially with respect to the reafforestation of areas prejudiced by air pollution in the uplands. In these areas, the Silver Lime-tree will not only serve as a pioneer species, but also will increasingly deliver useful trunk wood grades, therefore the technologically important wood properties for this species are of interest".
As recognized by Korkut and Bilgin (2008) , research of lesser-known species should be promoted and supported in Turkey, following the successful example of Europe countries. This is because the use of lesser-known species will not only increase the resource base in the country but also will reduce the high pressure on the better known species. Thus, research on wood characteristics and properties of lesser-known Turkey native wood species is important. It will provide knowledge of physical and mechanical properties of selected wood species and thus enable methods to produce high quality products. This will provide beter knowledge of physical and mechanical properties of selected wood species with regard to their use.
The aim of this study was to fulfill the gap in research and to facilitate optimal utilization fields of this species. Further research to determine the properties and suitable end uses of this lesser known species is likely to be beneficial.
MATERIALS AND METHODS
The sample trees used for this present study were harvested from a mixed oak-hornbeam-rowan stand in the Duzce Forest Enterprises, western part of Turkey. The experimental area is located at an average altitude of 650 m. The mean annual precipitation of the experimental area is about 816.7 mm/year, the yearly average temperature is 13.01°C, and prevailing wind direction is north. Soil is moist but well-drained. (All climatic data obtained from Duzce Korkut 17459 meteorology station located very close to experimental area). Five plots, 20 by 20m 2 , were chosen randomly from the experimental area. Breast height diameters (d1.30) of Silver Lime (Tilia argentea Desf.) trees were measured for every plot, and the arithmetic mean values were calculated. The arithmetic mean tree was felled as sample tree. To avoid errors during sampling, extreme cases were taken into account such as excessively knotty trees and the presence of reaction wood or slope grain (ISO 4471, 1982) . Table 1 shows the properties of sample trees.
Determination of density, sorption, fiber saturation point (FSP) and maximum moisture content (MMC)
Five different sampling heights (0.30, 1.30, 3.30, 5.30, and 7.30 m) were chosen through the stems and one disk 10 cm in thickness was removed at each height. From each disk, a sample of 3 cm width from bark to bark was cut. This sample was then cut into a strip 2 cm thick. Air-dry and oven dry densities (Dm12, Dm0) (ISO 3131, 1975) , shrinking [(tangential, radial, longitudinal, volumetric) (β (t,r,l,v) )] (ISO 4469, 1981) and swelling [(tangential, radial, longitudinal, volumetric) (α (t,r,l,v) )] (ISO 4859, 1982) of the wood were determined according to International Organization for Standardization (ISO) Standards using wood specimens of 2 × 2 × 3 cm (along the grain).
FSP was calculated by the following equation (Bozkurt and Goker, 1987) :
Where, βv is the volumetric shrinkage (%) and Db is the density value in volume (g cm -³). MMC was calculated by the following equation:
Db is the density value (Db) in volume (wood basic density). The basic density was determined by the gravimetric method (Haygreen and Bowyer, 1996) .
Where, Db is the basic density of wood (g cm -³), Vg is the green volume of the specimen (cm 3 ), and M0 is the dry-matter weight of the specimen (g). Percentage of the cell wall and porosity were calculated by the following equations (Bozkurt and Goker, 1987) .
Where, VC is percentage of the cell wall (%), Dm0 is oven dry density (g cm -³), DC is oven dry density of the cell wall (1.5 g cm -³) and VH is percentage of the porosity. The shape factor (T/R) was the ratio between tangential and radial shrinkage. 
Measurement of strength properties
Sections of 1.5 m were cut from the 2 to 4 m height of trees to obtain samples for strength properties.The boards which were 8 cm in thickness sawn and sawdust were immediately removed from the surfaces then they were stored in an unheated room for air drying (ISO 3129, 1975) . Following the air-drying process, small and clear specimens were cut from the boards according to International organization for Standardization (ISO), to determine compression strength parallel to grain (σc//) (ISO 3787, 1976) , bending strength (MOR) (ISO 3133, 1975) , modulus of elasticity in bending (MOE) (ISO 3349, 1975) , janka-hardness [(parallel, perpendicular to grain) (Hj(//,┴))] (ISO 3350, 1975) , impact bending strength (σi) (ISO 3348, 1975) , tension strength parallel (σt//) and perpendicular to grain (σt┴) [ISO 3345 (1975 [ISO 3345 ( ), 3346 (1975 ], shear strength (τaB) (ISO 3347, 1976) and cleavage strength (σs) (ASTM D 143, 1994) . The specimens were then conditioned at 20 ± 2°C with 65% relative humidity according to ISO 554 (1976) . After acclimatization, mechanical properties of the Silver Lime (Tilia argentea Desf.) wood were determined.
At the end of experiments, moisture contents (M) of specimens were measured according to ISO 3130 (1975) and the moisture content of specimen in which moisture content deviated from 12% was determined. Strength values were corrected (transformed to 12% moisture content) using the following strength conversion equation:
Where, δ 12 = strength at 12 percent moisture content (N/mm 2 ), δ m = strength at moisture content deviated from 12 percent (N/mm 2 ), α = constant value showing relationship between strength and moisture content (α = 0.05, 0.04, 0.02, 0.025, 0.015, 0.04 and 0.025 for σc// (Bozkurt and Goker, 1987) , MOR, MOE, σi, σt and Hj, respectively) M2= moisture content during test (%). To better understand completely the quality of the species, quality values which are calculated based upon a relationship between strength and density should be determined. Static, specific and dynamic quality values (I, Is, Id) and toughness (SE) in bending were calculated by the equations below:
δB12 is the compression strength parallel to grain in 12% moisture content (N/mm 2 ) and Dm12 is the air-dry (12%) density (g/cm 3 ), a: impact work (work arising by impact bending) (Bozkurt and Goker, 1987) .
Measurement of surface roughness
Surface roughness of the samples was measured on hardness test samples. Samples were finished by a fixed-knife planer with a feed speed of 1 m/s. The bias angle of the knife was 45° for the sample. If the wood pieces are sawn so that the annual rings are at least in 45° angle to the surface, the deformations will be smaller, the hardness of the surface will be stronger and the ''general looks'' after heat treatment will be better.
Surface roughness of the samples was measured by using a profilometer (Mitutoyo Surftest SJ-301). The surface roughness of the samples was measured with the profile method using a stylus device standard. The measuring speed, pin diameter, and pin top angle of the tool were 10 mm/min, 4 µm, and 90°, respectively. The points of roughness measurement were randomly marked on the surface of the samples. Measurements were made in the direction perpendicular to the fiber of the samples.
Three roughness parameters, mean arithmetic deviation of profile (Ra), mean peak-to-valley height (Rz), and maximum roughness (Ry) were commonly used in previous studies to evaluate surface characteristics of wood and wood composites including veneer (Stombo, 1963) . Ra is the average distance from the profile to the mean line over the length of assessment. Rq is the square root of the arithmetic mean of the squares of profile deviations from the mean line. Rz can be calculated from the peak-to-valley values of five equal lengths within the profile, while maximum roughness (Ry) is the distance between peak and valley points of the profile which can be used as an indicator of the maximum defect height within the assessed profile (Mummery, 1993) . Therefore, such parameters which are characterized by ISO 4287 (1997) and DIN 4768 (1990) were recorded.
Specification of this parameter is described by Hiziroglu (1996) and Hiziroglu and Graham (1998) . Roughness values were measured with a sensitivity of 0.5 µm. The length of scanning line (Lt) was 15 mm and the cut off was λ = 2.5 mm. The measuring force of the scanning arm on the surfaces was 4 mN (0.4 g), which did not put any significant damage on the surface according to Mitutoyo Surftest SJ-301 user manual. Measurements were performed at room temperature and the pin was calibrated before the tests.
RESULTS AND DISCUSSION
Descriptive statistics were given for air-dry, oven-dry and basic density values (Table 2 ) and for shrinkage, swelling, fiber saturation point and maximum moisture content of Silver Lime (Tilia argentea Desf.) wood (Table  3) . The cell wall percentage and porosity were calculated as 33.578, and 66.422%, respectively. The most widely used trait is certainly wood density, because it is easily measurable (non-destructive methods are possible as well) and it is commonly considered a key indicator of wood quality and a good predictor of the physical and mechanical properties of wood (Zobel and van Buijtenen, 1989) .
Descriptive statistics for the strength, hardness and quality factors of Silver Lime (Tilia argentea Desf.) wood are shown in Table 4 and for surface roughness values in Table 5 .
The surface roughness values (Ra, Ry, Rz and Rq) of Turkish Hazel (Corylus colurna L.) and European Rowan (Sorbus aucuparia) was found as 10. 398, 86.176, 66.380, 13.226, 7.239, 93.787, 60.635 and 9.828 µm, respectively (Sevim et al., 2008; Korkut et al., 2009 ). Silver Lime (Tilia argentea Desf.) had lower surface roughness values compared to Turkish Hazel (Corylus colurna L.) and European Rowan (Sorbus aucuparia)
Various factors can affect surface roughness such as annual ring width, differences between juvenile and mature wood, density, differences between early and late wood and cell structures. Increase in smoothness or decrease in roughness is very important for many applications of solid wood. In addition, losses occurring in the planning machine are reduced and high quality surfaces are attained. Also, the wooden materials with rough surface requires much more sanding process compared to one with smooth surface, which leads to decrease in thickness of material and, therefore, increase the losses due to the sanding process (Dündar et al., 2008 , Sevim et al., 2008 .
The wood of Silver Lime (Tilia argentea Desf.) grown in the middle Black Sea district is hard, very tough and heavy, similar to the wood of European Hophornbeam (Ostrya carpinifolia), making it difficult to work with. This is as expected from the remarkably high Janka hardness value. However, this is preferable for use as flooring raw material.
The disparate size of different wood cells in the hardwoods results in heterogeneous compressive deformation. During compression, large vessels cause smaller surrounding cells to be deformed more than in regions without vessels, increasing the energy absorbed. However, vessels that are too close together initiate kink banding at low loads and less energy is absorbed. The different morphologies of hardwoods are probably responsible for the variation in resistance between species (Hepworth et al., 2002) . As a reference basis, these results were also compared to published values for some other species which have similar anatomical properties in the same or other families (Table 6) The variations of wood properties in the same species arise from different factors, such as genetics, growth conditions and ecological factors. In particular, altitude, soil and climate are the most influential ecological factors. In addition, tree age, sample size, ring properties (for example, ring width and ring orientation), and the test procedure also affect test results (Haygreen and Bowyer, 1996) . As most of these factors (except test procedure) were different in the reference (Sachsse et al., 1988) , it is difficult to explain the different density findings for the same species. However, additionally tree age difference, and sample preparation could be one of the effective factors. Sachsse et al. (1988) found wood density separately for hearth wood and sap wood and calculated mean density on equal sample size. However, we did not separate sample as hearth wood, sap wood or together considering the material usage in practice. Our hearth wood ratio might have been higher than the other study. Wood density is accepted as a good indicator of mechanical properties (Forest Products Laboratory, 2010) . The existence of a strong relationship between wood density and strength has been demonstrated by several investigators (Kollmann and Cote, 1968; Pernestal et al., 1995; Hernandez, 2007) . Since Silver Lime (Tilia argentea Desf.) grown in Turkey has middensity value among all of the species (Table 6 ), higher strength values were normally expected. Although, the density value of Silver Lime is lower than beech (Fagus ssp.) and birch (Betula ssp.), it had closer or higher hardness values (Table 6) . Differences of mechanical properties should be explained by both density and presence of extractives (Hernandez, 2007) . Therefore, extractive contents, anatomical properties and chemical composition of Silver Lime (Tilia argentea Desf.) should be investigated.
Hardwoods can be classified as low (I s < 6), fair (6 <I s <7) and good (7 < I s ) quality according to their static quality value (I s ). Limit values for the classification change depend on density and hardness of species. According to this classification, Silver Lime (Tilia argentea Desf.) has a good quality wood. Furthermore, dense hardwoods, such as Silver Lime (Tilia argentea Desf.), can also be classified as low, fair and good quality according to the value of dynamic quality (Id). Id < 1 is low quality, 1< Id < 2 is fair quality and 2 < Id is good quality wood. According to this classification, it can be said that the Silver Lime (Tilia argentea Desf.) has a good impact quality. Woods can be classified as low (S E < 2), medium (2 < S E < 3) and the toughest (3 < S E < 4) quality according to their toughness value (S E ). According to this classification, it can be said that the Silver Lime (Tilia argentea Desf.) has a low toughness quality (Kollmann and Cote, 1968) . The higher the density of the wood, the more it will tend to shrink (Haygreen and Bowyer, 1996) . When comparing the shrinkage and swelling of Silver Lime (Tilia argentea Desf.) to other species (Table 5) , higher values were accepted normal as a result of high density.
Conclusion
The General characteristics of Silver Lime (Tilia argentea Desf.), summarized from literature, and the information on swelling and shrinkage, quality and strength properties of Silver Lime (Tilia argentea Desf.) obtained from this study, provide a basis for more efficient utilization of these species.
There are lesser-known wood species, sometimes with similar properties to those wellknown species, which are less exploited and used because of their poorly known properties. Thus, further research to determine their properties and possible end uses is likely to be beneficial to the country (Ali et al., 2008) .
Unfortunately, until now, no data are available about species status and availability in the forest. Therefore, an updated forest inventory is necessary. The Ministry of Environment and Forestry of Turkey is aware of this need and forest inventory with species status is an ongoing process. Thus, research on lesser-known species, provided that they exist in significant abundance, should be carried out in the near future. Consequently, Silver Lime (Tilia argentea Desf.) wood is a suitable raw material for walking sticks, turnery, carving, firewood, bow, tool handles, novelties, levers, mallet heads, bawl, platter, splitting wedges, canes, carpentry, wooden wares, and especially flooring material. However, it is well known that growing stock of a species is a restrictive factor used to determine the preference of forest product industry. Due to a low growing stock of this species in Turkey, it is not possible to excessively use it especially in the flooring industry for the present. However, forest enterprise should give more attention to Silver Lime (Tilia argentea Desf.) wood which has the potential to be a valuable wood source in specific plantations.
